lung cancer (NSCLC, the major histologic type) actually received the recommended therapy in a US population-based study. 6 Similar findings have been reported for some aspects of POC in Asia. 7 The US National Cancer Institute (NCI) has proposed to improve the quality of cancer care by developing core process and outcome measures. 8 In a US annual report based on cancer registries and NCI POC studies, Edwards et al 9 reported a decline in cancer mortality as the dissemination of guideline-based treatment increased. They also found that cancer registries are an important source for monitoring quality of care (QOC). In Taiwan, after approval of the Cancer Prevention and Management Law in 2003, a project was initiated by the Bureau of Health Promotion, Department of Health, and a revised cancer registry (Taiwan Cancer Database; TCDB) was initiated in 2003. 10 In the present study, we investigated the present QOC for lung cancer in Taiwan and the impact of the TCDB, represented by variation in POC, 11 as revealed by the recent TCDB core measure report. 12 
Methods

Patients and hospitals
According to the recent TCDB core measure report, 12 the analyzed patients and hospitals were those that participated in the TCDB project as initiated by the Bureau of Health Promotion, Department of Health. Initially, four hospitals participated in the TCDB for lung cancer in 2002. The number of participating hospitals increased to 27 in 2004, which included all medical centers in Taiwan at the present time. 13 Hospital characteristics (Table 1) were specified, including location, service volume, level (medical center or regional hospital), and ownership (public or private). The geographic location was divided into northern (from Kee-Lung city to Hsin-Chu county) and non-northern regions to ensure adequate hospital numbers within each category. The number of participating hospitals within north, middle, south and east Taiwan was 10, five, 10 and two, respectively. The hospital volume was based on annual operation number. The cut-off point (n = 34) was based on a recent endemic study. 14 Hospital level was divided into medical centers and regional hospitals, as evaluated by the Taiwan Department of Health. 13 This study was based on the data reported from these 27 participating hospitals from year 2002 (n = 4) to 2003 (n = 5) and 2004 (n = 27), excluding one big public medical center in north Taiwan as an outlier for its exceptional reported data.
QOC and core measures
QOC evaluation was based on core measure data in association with the TCDB project. The preliminary core measure items were determined by the Delphi method, as previously reported. 15 In view of the feasibility of data retraction, 16 core measures (6 in the diagnostic and 10 in the therapeutic domain) were finalized, as listed in Table 2 . For index D1, either cytologic or pathologic examination was considered to be compliant with the core measure. For index D3, either cardiac function or pulmonary testing was considered to be compliant with the core measure. based on TCDB hospital records. In addition to the above indexes for which multiple core measures were reported, for other indexes, the numerators and denominators were based on the only one reported core measure in the recent TCDB core measure report. 12 As revealed in this report, the measurement was based on TCDB, cancer registry, and claims data from NHI. The POC for each core measure was calculated by summation of the numerator divided by summation of the denominator among different hospital characteristics. 
Statistical analysis
Variation in POC according to hospital location
Among most (12/16) of the indexes, there was no significant variation in POC among northern and non-northern hospitals (Table 3) . However, northern hospitals were associated with more preoperative imaging staging work-up (index D4), radical operation for early stage NSCLC (T1), lymph node sampling or dissection for early stage NSCLC (T3), and conservative surgery for stage 3a NSCLC (T6).
Variation in POC according to hospital service volume
Significant variation in POC existed between large-and small-volume hospitals, mainly in the diagnostic domain (5/6) rather than the therapeutic domain (1/10) ( Table 4) . Large-volume hospitals were associated with more tissue diagnosis (D1), CT (D2) and staging work-up for advanced stage NSCLC (D5 and D6), less preoperative imaging staging (D4), and similar preoperative cardiopulmonary evaluation (D3).
Variation in POC according to hospital level (medical center or regional hospital)
Significant variation in POC existed between medical centers and regional hospitals, mainly in the diagnostic domain (5/6) rather than the therapeutic domain (1/10) ( Table 5 ). Medical centers were associated with more tissue diagnosis (D1), CT (D2) and staging work-up for advanced stage NSCLC (D5 and D6), less preoperative imaging staging (D4), and similar preoperative cardiopulmonary evaluation (D3).
Variation in POC according to hospital ownership (public or private)
Significant variation in POC existed between public and private hospitals, all in the diagnostic domain (5/6) ( Table 6 ). Public hospitals were associated with more tissue diagnosis (D1), CT (D2) and staging work-up for advanced stage NSCLC (D5 and D6), preoperative imaging staging (D4), and similar preoperative cardiopulmonary evaluation (D3).
Variation in POC according to composite hospital types
Because all five public hospitals included in the analysis were also large-volume medical centers, hospitals were further divided into four types (public or private large medical centers, private small medical centers, and private regional hospitals) for further comparison of heterogeneity. Significant variations in POC were noted mainly in the diagnostic domain (5/6) rather than the therapeutic domain (1/10) ( Table 7) . For tissue diagnosis (D1), CT (D2) and staging work-up for advanced stage NSCLC (D5 and D6), the descending order was public hospitals, followed by small medical centers, large medical centers and regional hospitals. For preoperative imaging staging (D4), the order was regional hospitals, public hospitals, small private medical centers and large private medical centers.
Impact of core measures on the four participants since 2002
Temporal variations in POC for the four participants since 2002 are listed in Table 8 . Most (13/16) of the indexes were stable during this period. However, increased utilization of some indexes in the diagnostic domain was noted, which included tissue diagnosis (D1), CT (D2) and staging work-up for advanced stage NSCLC (D6).
Discussion
To the best of our knowledge, this is the first study on QOC for lung cancer in Taiwan based on core measures and cancer registry. We found that there were significant variations in the diagnostic domain between different types of hospital, but less marked differences between hospital locations. There was also some significant increase in utilization of some diagnostic domains after introduction of the TCDB. One of the reasons is that staging information was not available in the prior cancer registry, which hindered the availability of registrybased QOC studies. 16 However, most of these limitations were caused by difficulty in measurement.
Most of the significant variations we found fell in the diagnostic rather than the therapeutic domain, which may partly be because surgery was infrequently used for lung cancer (16% in cancer registry 2003).
1 Among the 16 core measures used by the present TCDB report, significant variations in the diagnostic domain were noted among hospital types (volume, accreditation level and ownership), which was consistent with a previous systematic review. 17 On the other hand, although geographic variation has been reported in many studies (such as in the recent National Initiative for Cancer Care Quality report), 5 the geographic variations (northern vs. non-northern) in the present study were not significant in most (12/16) of these indexes. We found that POC in Taiwan was consistent with new clinical evidence in a previous study based on registry data from a single institution. 18 We also found increasing compliance with some core measures with increasing years with the TCDB project. A previous systematic review has revealed that outcome is improved with the adoption of clinical practice guidelines. 19 As these core measures were established from evidencebased clinical guidelines, 15 we believe that QOC for lung cancer in Taiwan will be improved in the near future.
